A cross-ecosystem comparison of data obtained from 20 French Mediterranean lagoons with contrasting eutrophication status provided the basis for investigating the variables that best predict chlorophyll a (Chl a) concentrations and nutrient limitation of phytoplankton biomass along a strong nutrient enrichment gradient. Summer concentrations of dissolved inorganic nitrogen (DIN) and phosphorus (DIP) comprised only a small fraction of total nitrogen (TN) and total phosphorus (TP). On the basis of inorganic nutrient concentrations, the most oligotrophic lagoons appeared to be phosphorus-limited, with a tendency towards the development of nitrogen limitation as eutrophication increased, as evidenced by decreasing DIN:DIP ratios. A weak but significantly positive relationship was found between dissolved silicate (DSi) and Chl a, reflecting DSi accumulation in the water column along the trophic state gradient and implying a progressive shift away from potential Si limitation of phytoplankton growth. Observed concentrations of Chl a were far better explained by TN and TP than by DIN and DIP concentrations, suggesting that a total nutrient based approach is likely to be the most appropriate for managing eutrophication in Mediterranean lagoons and other coastal waters. These results give credence to the idea that marine and freshwater environments respond in a similar fashion to nutrient enrichment. 
Introduction

56
The over-enrichment of lakes, inland water courses and coastal waters with nitrogen (N) 57 and phosphorus (P) has been one of the major effects of human activity on aquatic ecosystems 58 during the past fifty years (Nixon 1995; Cloern 2001) . Cultural eutrophication presents a 59 major problem for most of Europe's regional seas, including the Mediterranean (Ignatiades 60 2005). However, most eutrophication-related problems in the Mediterranean region currently 61 are confined to limited areas, rather than being widespread phenomena (European 62 Environment Agency 1999). For example, Mediterranean coastal lagoons exhibit a wide range 63 of trophic states, and reductions in anthropogenic N and P inputs will be necessary in order to 64 attain the desired levels of water quality that have recently been specified by the Water 65
Framework Directive for European water bodies (European Economic Community 2000). 66
Historically, N has been considered to be the primary growth-limiting nutrient in marine 67 
Data collection 128
This study was focused on the summer period during which primary production is 129 maximum. The 29 Stns (Table 1) In the laboratory, water was pre-filtered less than 3 hours after sampling through 200 µm 138 mesh to remove most zooplankton. The pre-filtered water was transferred to ashed (450 °C 139 for 6 h) Pyrex bottles and stored at -20 °C for further analyses of total nitrogen (TN) and total 140 phosphorus (TP, see below). For analyses of dissolved inorganic nutrients, the pre-filtered 141 water was filtered through Whatman GF/F membranes with an all-glass filtering system and a 142 vacuum of less than 10 cm Hg. The whole apparatus and the membrane were pre-rinsed twice 143 analyzed on all samples. Upon return to the laboratory, 5 to 50 mL (depending on the 167 phytoplankton abundance) were filtered under a vacuum < 10 cm Hg on Whatman GF/F 168 membranes and stored at -20 °C in glass tubes. Filters were ground in acetone (90%) and 169 extracted during 24 h in the dark at 4 °C. Pigments were measured by spectrofluorimetry 170 (Neveux and Lantoine 1993) and are expressed in µg·L -1 (precision ± 5%). 171
Median values for the above water quality parameters were calculated for the pooled data 172 from each lagoon, or from each individual sector of lagoons within which the sector median 173 water quality was found to differ significantly (Kruskal-Wallis, p < 0.05). Individual sectors 174 were then kept for B and M lagoons whose between-Stn differences were significant for both 175
Results
177
All DIN concentrations were close to 1 µmol•L -1 except for lagoons GE and MD ( There was also a significant and positive covariance between TN:TP and DIN:DIP (Table 2: with Chl-a, with much higher coefficients of determination than for dissolved nutrients (Table  206 2: Eq. 21 and 22; The observed accumulation of DIP along the eutrophication gradient and the inverse 237 correlation between DIP and salinity could be explained by invoking progressively lower N:P 238 supply ratios that reflect an increasing influence of sewage inputs on the total nutrient load 239 (Downing and McCauley 1992). However, nowadays, sewage can be richer in N than in P 240 because of a more effective removal of P as it is the case for the 8 Palavasian and O lagoons 241 (Table 3) . Moreover, the range of N:P loading ratios to the 13 lagoons for which N and P 242 loading data are available is narrower than the ranges of DIN:DIP and TN:TP in the water 243 column. We tentatively conclude that the observed increase of DIP along the eutrophication 244 gradient is better explained by the P content of lagoon sediments than by salinity, and that 245 recycling processes strongly affect inorganic nutrient concentrations in the water column 246 Based upon these empirical thresholds, we conclude that the most oligotrophic lagoons in 276 this study were consistently limited by P (Fig. 4) . For a majority of the studied lagoons, the 277 phytoplankton production was likely limited by both N and P (TN:TP = 20-50). The three 278 lagoons having TN:TP <20 (VE, MW and PO) were also those for which the median summer 279 DIP concentration was in excess (>1 µmol•L -1 ; see Fig. 2 ), providing additional evidence that 280 P was unlikely to limit net primary production in these low N:P ratio systems. (Fig. 3) . In hypertrophic lagoons (VE in Fig. 3) , the planktonic biomass is high 300 enough that TN:TP ratios are close to 16. 301
Nutrient controls of algal biomass 302
The predictive power of using a total nutrient-based approach for the prediction of 303 summer median algal biomass is strongly evident in the lagoons studied here: total N and total 304 P-based regression models for summer median Chl-a were consistently much superior to 305 comparable DIN-and DIP-based models (compare Figs. 5 and 6 ). There was in fact no 306 correlation between concentrations of DIN and Chl-a ( without making any adjustments for hydraulic residence time. We found very significant 333 relationships between annual total N and P loading rates and median TN and TP 334 concentrations for the 13 lagoons with well-defined watersheds (Table 3) production, a simultaneous increase in both nutrients leads to dramatically higher levels of 358 production in nearly all situations. We surmise that the converse response also can be 359 expected to occur (i.e., simultaneous reductions in both N and P will minimize algal 360 production), and we thus favor joint N and P loading control to protect estuarine and coastal 361 marine environments. However, such management decisions will need to be based upon 362 careful syntheses of current and historical data (e. Table 2 for regression equations. 559 
